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DESCRIPTION 



JBATTERY AND BATTERY PACK . 

5 TECHNICAL FIELD 

The present invention relates to a battery and more 
particularly to a battery suitable for forming a battery pack 
consisting of a plurality of end-to-end connected batteries and 
a battery pack constructed as such. 

10 

BACKGROUND ART 

With the growing demands for electric vehicles or hybrid 
vehicles in view of global environmental problems, rechargeable 
batteries used as power sources for such vehicles are desired 
15 to be smaller and lighter as well as to have higher capacity and 
power output, and battery packs consisting of a plurality of 
series-connected battery cells have been used for this 
application . 

One example of the structure of a lithium ion battery that 
20 has conventionally been used is described below with reference 
to Fig. 6. Reference numeral 21 denotes an electrode assembly 
that is formed by winding together a positive electrode plate 
22 consisting of a positive current collector 22b and positive 
electrode material 22a coated thereon, a negative electrode plate 
25 23 consisting of a negative current collector 23b and negative 
electrode material 23a coated thereon, and a separator 24 
interposed therebetween. Reference numerals 25, 26 
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respectively denote a positive and a negative current collector 
plate welded to end faces of the electrode assembly 21. A 
positive electrode tab 25a is welded to the positive current 
collector plate 25. 
5 The electrode assembly 21 is accommodated in an outer case 

27 with electrolyte, and the negative current collector plate 
26 is connected to an inner bottom surface of the case 27 by 
resistance welding so that the outer case 27 serves as the 
negative terminal of the battery. Reference numeral 28 denotes 

10 a lid having a hole 28a in the center, which is joined to the 
case by caulking a caulking portion 28b at the outer edge after 
an O-ring 29, safety vent 30, spacer 31, and cap 32 are inserted 
therein. The safety vent 30 consists of a thin sheet of aluminum 
foil and breaks at a hole 31a in the spacer 31 upon an increasing 

15 of battery internal pressure above a predetermined level so as 
to release gas to the outside. The positive electrode tab 25a 
is welded to this lid 28, so that current from the electrode 
assembly 21 flows through the caulking portion 28b of the lid 

28 to the cap 32, which serves as the positive terminal of the 
20 battery. Reference numeral 27a represents a groove formed in 

the outer case 27 by plastic deformation for determining the 
position of the lid 28. Reference numeral 33 denotes a gasket 
interposed between the outer case 27 and lid 28 for providing 
insulation therebetween; it also provides a seal when the open 
25 end edge 27b of the case 27 is caulked such as to sandwich the 
lid 28. 

A plurality of batteries having the above structure are 
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connected in series using suitable connecting members to form 
a battery pack as shown, for example, in Japanese Patent Laid-Open 
Publication No. Hei . 10-106533. The structure of the connecting 
part of this battery pack will be described with reference to 
5 Fig. 7 . The connecting member 35 is a stepped cup-shaped pressed 
part including a bottomed small diameter cylindrical portion 36, 
step 37, and large diameter cylindrical portion 38. The bottom 
is formed with a hole 39 through which the connection boss on 
the cap 32 passes, and is in contact with the cap 32 and welded 

10 thereto at a plurality of projections or welds 40 by resistance 
welding. The bottom of the outer case 27 fits into the large 
diameter cylindrical portion 38 and rests on the step 37, and 
welded to the large diameter cylindrical portion 38 at a plurality 
of projections or welds 41 by resistance welding. 

15 With the above structure of the conventional battery and 

battery pack, however, batteries are connected using the 
connecting members 35 separately of the battery's lid 28. The 
assembling process thus includes assembly of the battery pack, 
mounting of the connecting members 35, and connection of other 

20 batteries, i.e., it takes numbers of components and assembling 
steps and the costs high, resulting in a poor mass productivity. 

Another problem is that the electrode assemblies 21 of 
adjacent batteries are connected to each other via the positive 
current collector plate 25, the positive electrode tab 25a, the 

25 lid 28, the cap 32, the connecting member 35, the outer case 27, 
and the negative current collector plate 26, i.e., because the 
current path between the cells is long and includes many 
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connection points, the resistance is accordingly large. The 
large resistance per cell is a large inhibitor to longer battery 
life and higher power output. 

In view of the problems encountered in the prior art, it 
5 is an object of the present invention to provide a battery and 
a battery pack, which are efficiently mass produced with fewer 
numbers of assembling steps and components and lower cost, and 
with which a higher power output is achieved by reducing internal 
resistance per cell. 

10 

DISCLOSURE OF THE INVENTION 

A battery according to a first aspect of the present 
invention includes: an electrode assembly that consists of a 
positive electrode plate and a negative electrode plate, and a 

15 separator wound or laminated together, core materials of the 
negative and positive electrode plates being bared respectively 
at either end; a bottomed cylindrical outer case having a bottom 
being connected to either end face of the electrode assembly to 
serve as a battery terminal; electrolyte impregnated in the 

2 0 electrode assembly; and a lid connected to the other end face 
of the electrode assembly and fixedly attached to the outer case 
with sealing means and insulation means interposed therebetween . 
The lid includes a connecting part in one piece therewith that 
engages with and connects a bottom part of the outer case of 

25 another battery to be connected, a hole for pouring the 

electrolyte into the battery, and safety means for releasing gas 
in response to an increasing of internal pressure. Battery outer 
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cases are connected with each other using the connecting part 
that is in one piece with the lid, and separate connect ing members 
that were conventionally used for connecting batteries are not 
necessary. The numbers of assembling steps and components are 
5 thereby reduced, the cost is lowered, and mass productivity is 
improved. Moreover, the battery has higher power output because 
of the reduced internal resistance per cell. 

A battery according to a second aspect of the present 
invention includes: an electrode assembly that consists of a 

10 positive electrode plate and a negative electrode plate, and a 
separator wound or laminated together, core materials of the 
positive and negative electrode plates being bared respectively 
at either end; a bottomed cylindrical outer case having a bottom 
being connected to either end face of the electrode assembly to 

15 serve as a battery terminal; electrolyte impregnated in the 

electrode assembly; and a lid connected to the other end face 
of the electrode assembly and fixedly attached to the outer case 
with sealing means and insulation means interposed therebetween. 
The lid includes a hole for pouring the electrolyte into the 

20 battery and safety means for releasing gas in response to an 
increasing of internal pressure, and is welded to the bared 
portion of the core material of one of the electrode plates of 
the electrode assembly so as to double as a current collector 
plate. Since the current collector plate and a tab for 

25 connecting the plate with the lid are omitted, the numbers of 
components and weld points are reduced and a cost reduction is 
achieved. Furthermore, the battery power output is improved 
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because of the reduced current path length and resistance. 

The lid may be welded to the bared portion of the core 
material of one of the electrode plates of the electrode assembly 
so as to double as a current collector plate in the above battery 
5 according to the first aspect of the invention, whereby a cost 
reduction is achieved and battery power output is further 
improved . 

In the above battery according to the first or second aspect 
of the invention, the lid may be provided with a projection 

10 protruding to the inside of the outer case and welded to the bared 
portion of the core material of the electrode plate of the 
electrode assembly with the projection making tight contact 
therewith. The projection ensures tight contact between the 
bared core material of the electrode plate and the lid, and 

15 reliable welds are formed by performing the welding in this state 
with small connection resistance. 

The outer case and the lid may be joined together by a 
caulking process performed to the open end of the outer case and 
a cylindrical portion continuous with the outer periphery of the 

20 lid with a gasket being interposed therebetween. Thereby, 

insulation and a seal are provided between the outer case and 
the lid with a simple structure and a small number of process 
steps . 

The safety means may be formed as a continuous or 
25 discontinuous cut in the lid, which will readily break when the 
battery internal pressure exceeds a predetermined level; gas 
release upon pressure increasing is thus ensured with such a 
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simple and low-cost structure. 

The electrode assembly and the outer case may be connected 
by first welding the current collector plate to the bared portion 
of the core material of one of the electrode plates, which is 
5 placed inside the outer case, and then welding the current 

collector plate to the bottom of the outer case. Similarly to 
this connection between the electrode assembly and the lid, the 
outer case may be provided with an inwardly protruding projection 
in the bottom, which is welded to the bared portion of the core 

10 material of the electrode plate of the electrode assembly in the 
outer case in tight contact therewith. The current collector 
plate is thereby omitted to achieve a cost reduction because of 
the reduced numbers of assembling steps and components. 

The lid should preferably be formed of a clad plate 

15 consisting of a plate material that is resistant to the 

electrolyte on one side facing the outer case and a plate material 
that is a same or similar material of the outer case on the other 
side, so that, while the lid allows a good weld to be formed with 
the outer case, electrolytic corrosion of the lid is prevented 

20 and reliable connection is established with good working 
properties . 

A battery pack according to a third aspect of the present 
invention is formed by connecting a plurality of batteries having 
the above structure such that the bottom of the outer case of 
25 one battery is fitted into the connecting part of the lid of the 
other battery and the mating parts are welded together; the 
battery pack thus formed has high power output because of the 
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reduced internal resistance per cell due to the short current 
path and fewer connection points. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitudinal cross sectional view of a battery 
according to one embodiment of the present invention; 

Fig. 2A is a perspective view illustrating a lid of the 
battery of the above embodiment, and Fig. 2B is a cross section 
taken along the line IIB-IIB of Fig. 2A; 

Fig. 3 is a partial front view of a battery pack formed 
by connecting the batteries of the above embodiment; 

Fig. 4 is a longitudinal cross sectional view illustrating 
the part B of Fig. 3 in detail; 

Fig. 5 is a longitudinal cross sectional view of the above 
battery with an alternative structure; 

Fig. 6 is a longitudinal cross sectional view of a 
conventional battery; and 

Fig. 7 is a longitudinal cross sectional view of the 
connecting part of a battery pack formed by connecting the 
conventional batteries . 

BEST MODE FOR CARRYING OUT THE INVENTION 

One embodiment of a battery and a battery pack applied as 
a lithium ion battery according to the present invention will 
25 be hereinafter described with reference to Fig. 1 to Fig. 4. 

In Fig. 1, reference numeral 1 denotes a battery cell 
consisting of an electrode assembly 3 accommodated in an outer 
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case 2 with electrolyte and sealed with a lid 4. The outer case 
2 is a bottomed cylindrical, deep drawn part of nickel or 
stainless steel plate that is resistant to the electrolyte. 

The electrode assembly 3 is formed by winding together a 
5 positive electrode plate and a negative electrode plate with a 
separator interposed therebetween; the core material of the 
positive electrode plate is bared at the top end face, and the 
core material of the negative electrode material is bared at the 
bottom end face. The positive electrode plate consists of the 

10 core material of aluminum foil and positive electrode material 
containing an active material and a binder coated on both sides 
of the core material. The active materials for the positive 
electrode include LiCo0 2 , LiMn 2 0 4 , or LiNi0 2 . The negative 
electrode plate consists of the core material of copper foil and 

15 negative electrode material containing an active material and 
a binder coated on both sides of the core material. The active 
materials for the negative electrode include graphite, oil cokes, 
or carbonaceous materials such as carbon fiber. The drawing 
shows one example in which a wound electrode assembly 3 is 

20 accommodated in a cylindrical outer case 2, but the battery may 
be formed from a laminated assembly of plate-like positive and 
negative electrode plates with a separator interposed 
therebetween, accommodated in a prismatic outer case. 

For the electrolyte, a solution of lithium salt such as 

25 lithium hexafluoro phosphate (LiPF 6 ), lithium perchlorate 

(LiC10 4 ), or lithium fluoroborate (LiBF 4 ), or a non-aqueous 
solvent such as ethylene carbonate (EC) , propylene carbonate 
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(PC) , diethylene carbonate (DEC) , or ethylene methyl carbonate 
(EMC) is used. 

A negative current collector plate 5 is welded beforehand 
to the bared core material of the negative electrode at the bottom 
5 end face of the electrode assembly 3. After accommodating the 
electrode assembly 3 into the outer case 2, a central portion 
of the negative current collector plate 5 is welded to the center 
of the bottom of the case 2 by resistance welding, through a hollow 
part 3a or axial bore of the electrode assembly 3. The negative 

10 current collector plate 5 has radial projections 5a at a plurality 
of circumferential locations; when welding the plate 5 to the 
bared core material of the negative electrode at the end face 
of the assembly 3 by laser welding or the like, the plate 5 is 
pressed against the end face of the assembly 3 so that these 

15 projections 5a are in tight contact with the core material of 
the negative electrode. 

The lid 4 is a stepped cup-shaped pressed part including 
a bottomed small diameter cylindrical portion 6, a step 7, and 
a large diameter connecting cylindrical portion 8, as shown in 

20 Fig. 1 and Fig. 2A. A hole 9 for pouring electrolyte is formed 
at the center in the bottom of the lid 4, which is tightly closed 
by sealing means 10. An annular cut 11 having a V-shape cross 
section surrounds the hole 9; this cut 11 forms safety means that 
releases gas in response to an increasing of internal pressure. 

25 Further, radial projections 4a are formed in the bottom of the 
lid 4 at a plurality of (four in the illustrated example) 
circumferential locations such as to protrude toward inside of 
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the outer case 2 . 

The large diameter connecting cylindrical portion 8 of the 
lid 4 has such a diameter that the bottom of the outer case 2 
snugly fits therein and the outer periphery of the bottom of the 
5 case 2 rests on the step 7. The bottomed small diameter 

cylindrical portion 6 of the lid 4 has such a diameter that it 
is fitted into the open end of the outer case 2, with a gasket 
12 that has electrically insulating and sealing properties 
engaged with the open end edge and inner peripheral face of the 

10 case 2; when fitted, there is a slight or no gap between the outer 
face of the step 7 and the top face of the gasket 12, and the 
projections 4a at the bottom make tight contact with the bared 
core material of the positive electrode at the top end face of 
the electrode assembly 3. With the projections 4a of the lid 

15 4 making tight contact with the bared core material of the 

positive electrode at the top end face of the electrode assembly 
3, the lid 4 is welded from above by laser beam welding or the 
like. 

In the portion where the open end edge of the outer case 
20 2 and the bottomed small diameter cylindrical portion 6 of the 
lid engage each other with the gasket 12 therebetween, a fixing 
groove 13 is formed by a drawing process using a suitable jig 
from outside the case 2; the outer case 2 and the lid 4 are fixed 
to each other with the gasket 12 by this fixing groove 13. 
25 The lid 4 is formed of clad metal 14 of two different 

materials bonded together by cold welding as shown in Fig. 2B; 
one side that faces the outer case 2 is made of an aluminum or 
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aluminum alloy plate 14a that is resistant to the electrolyte 
similarly to the core material of the positive electrode plate, 
and the other side is made of a nickel or stainless steel plate 
14b that is resistant to the electrolyte, 
5 The lid 4 further includes outlets 15 at a plurality of 

(four in the illustrated example) circumferential locations 
extending from a position above the fixing groove 13 of the 
bottomed small diameter cylindrical portion 6 over the step 7 
to the bottom of the large diameter connecting cylindrical 
10 portion 8, so as to release gas to the outside of the battery 

1 when the safety means 11 operates. 

The battery 1 having the above structure is produced as 
follows: The electrode assembly 3 is fabricated, and the negative 
current collector plate 5 is welded to the bared core material 

15 of the negative electrode at one end face of the assembly. The 
assembly 3 is then accommodated in the outer case 2, and the 
negative current collector plate 5 is welded to the bottom of 
the case 2 by resistance welding. The gasket 12 is arranged to 
fit into the open end of the outer case 2, and the bottomed small 

20 diameter cylindrical portion 6 of the lid 4 is fitted into the 
open end of the case 2 and pressed toward the electrode assembly 
3. The outer case 2 is caulked in this state at its open end 
from outside to form the fixing groove 13, so that the outer case 

2 and the lid 4 are fixedly coupled with the gasket 12 therebetween 
25 in an electrically insulated and tightly sealed manner. Since 

the projections 4a of the lid 4 are making tight contact with 
the bared core material of the positive electrode at one end face 
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of the electrode assembly 3 in this state, laser beam welding 
or the like is performed from outside the lid 4 to weld the 
projections 4a to the positive electrode core material . A 
predetermined amount of electrolyte is poured into the case 
5 through the hole 9 in the lid 4 so that the electrode assembly 
3 is impregnated therewith, after which the hole 9 is tightly 
sealed with the sealing means 10, to complete the battery 1. 

A plurality of batteries 1 having the above structure are 
connected in series to form a battery pack 16 shown in Fig. 3. 

10 One battery pack 16 is formed in the following manner: As shown 
in Fig. 4, the bottom of the outer case 2 of one battery 1 is 
fitted into the large diameter connecting cylindrical portion 
8 of the lid 4 of the other battery 1 such that the outer periphery 
of the bottom of the outer case 2 rests on the step 7. The large 

15 diameter connecting cylindrical portion 8 is welded to the outer 
periphery of the bottom of the outer case 2 in this state so that 
they are electrically connected and mechanically coupled. The 
welding may be laser beam welding, or resistance welding, in which 
case projections are provided at a plurality of circumferential 

20 locations of the large diameter connecting cylindrical portion 
8 . 

According to this embodiment, the lid 4 includes the 
integral large diameter connecting cylindrical portion 8 that 
couples to and connects the bottom of the outer case 2 of the 
25 other battery 1 to be connected, i.e., the connecting part for 
connecting the outer case 2 of the other battery 1 is in one piece 
with the lid 4, so that separate connecting members that were 
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conventionally used for connecting batteries 1, 1 are not 
necessary. The numbers of assembling steps and components are 
thereby reduced, the cost is lowered, and mass productivity is 
improved* Moreover, the battery 1 has higher power output 
5 because of the reduced internal resistance per cell. 

Moreover, because the lid 4 is welded to the bared positive 
electrode core material at the top end face of the electrode 
assembly 3 so as to double as the positive current collector plate, 
a separate positive collector plate and a tab for connecting the 

10 plate and the lid 4 are omitted, leading to a further reduction 
in the number of components and weld points, whereby cost 
reduction is achieved and power output is improved because of 
the reduced length of current path and resistance. Further, the 
lid 4 includes projections 4a that protrude toward inside of the 

15 outer case 2 so as to ensure that they make tight contact with 
the bared positive electrode core material of the electrode 
assembly when welding is performed, whereby reliable welds are 
formed because of the low connection resistance. 

The lid 4 is fixedly joined to the open end of the outer 

20 case 2 by the fixing groove 13 that is formed by caulking, with 
the gasket 12 interposed between the open end of the case 2 and 
the bottomed small diameter cylindrical portion 6 of the lid 4. 
Insulation and a seal are thereby provided between the outer case 
2 and the lid 4 with a simple structure and a small number of 

25 process steps. 

The lid 4 is made of a clad plate 14 consisting of an aluminum 
or aluminum alloy plate 14a that is resistant to the electrolyte 
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on the side facing the outer case 2 and a nickel or stainless 
steel plate 14b on the other side, so that, while the lid allows 
a good weld to be formed with the outer case 2, electrolytic 
corrosion of the lid 4 is prevented, and reliable connection is 
5 achieved with good working properties. 

The safety means is formed by a continuous or discontinuous 
cut 11 having a V-shape cross section in the lid 4; with such 
a simple and low-cost structure, it is ensured that gas is 
released from the battery in the event that the internal gas 

10 pressure of the battery 1 exceeds a predetermined level, as the 
cut breaks upon the increasing of internal pressure- The limit 
at which the cut 11 breaks to release gas from inside the battery 
1 is controlled precisely so as to ensure safety by forming the 
cut 11 solely from the aluminum or aluminum alloy plate 14a with 

15 a predetermined thickness because aluminum is relatively low in 
strength while the nickel or stainless steel plate 14b has high 
strength; the latter is thus removed from the clad plate 14 
forming the lid 4 at the portion where the cut 11 is provided. 

The battery pack 16 according to this embodiment is formed 

20 by connecting a plurality of batteries 1 having the above 

structure such that the bottom of the outer case 2 of one battery 
1 is fitted into the large diameter connecting cylindrical 
portion 8 of the lid 4 of the other battery and the mating parts 
are welded together; the battery pack 16 thus has high power 

25 output because of the reduced internal resistance per cell due 
to the short current path and fewer connection points. 

The above embodiment shows one example in which the 
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electrode assembly 3 is accommodated in the outer case 2 with 
the negative current collector plate 5 welded to the core material 
of the negative electrode plate of the electrode assembly 3 and 
to the bottom of the outer case 2; one alternative is to provide 
5 an inward projection 2a in the bottom of the outer case 2 as shown 
in Fig. 5, which is to make tight contact with and welded to the 
bared negative electrode core material of the assembly 3 inside 
the outer case 2. 

By thus providing a projection 2a in the bottom of the outer 

10 case 2 and welding it to the bared negative electrode core 
material of the assembly 3 in tight contact therewith, the 
negative current collector plate 5 is omitted, leading to a 
further reduction in the numbers of assembling steps and 
components, and to a further cost reduction. 

15 The above embodiment shows one example in which the 

connecting part between the lid 4 and the outer case 2 is the 
large diameter connecting cylindrical portion 8 that is formed 
in one piece with the lid 4, but it need not necessarily be 
cylindrical and may be a plurality of circumf erentially arranged 

20 tongues with suitable spacing protruding from the step 7 or the 
top of the bottomed small diameter cylindrical portion 6. 

While the lid 4 is made as the positive side and the outer 
case 2 the negative side in the above description, this 
arrangement may be reversed, i.e., the lid 4 maybe the negative 

25 side and the outer case 2 the positive side, in which case the 
outer case 2 will be made of aluminum or aluminum alloy. 

Further, while the description of the above embodiment is 
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given only with respect to the case in which the battery 1 is 
a lithium ion battery, the present invention is also applicable 
to other types of batteries such as nickel metal hydride batteries 
with the same effects. 

5 

INDUSTRIAL APPLICABILITY 

According to the battery of the present invention, the lid 
fixedly attached to the outer case includes an integral 
connecting part that couples to and connects the bottom of the 

10 outer case of another battery to be connected, i.e., the 

connecting part for connecting the outer case of another battery 
is in one piece with the lid, so that separate connecting members 
that were conventionally used for connecting batteries are not 
necessary. The numbers of assembling steps and components are 

15 thereby reduced, the cost is lowered, and mass productivity is 
improved. Moreover, the battery has higher power output because 
of the reduced internal resistance per cell. 

Furthermore, according to the battery of the present 
invention, a plurality of batteries having the above structure 

20 are connected to each other such that the bottom of the outer 
case of one battery is fitted into the connecting part of the 
lid of the other battery and the mating parts are welded together; 
the battery pack thus formed has high power output because of 
the reduced internal resistance per cell due to the short current 

25 path and fewer connection points. 



